This paper estimates the treatment effect of grade repetitions in junior high schools, using a rich panel of French students. Test scores are observed when students are entering and leaving junior high school. Two identification strategies are used: instrumental variables and matching estimators. With the two methods, value-added is taken as an outcome. The IV estimator uses birth quarter as an instrument to identify the local average treatment effect, and the matching estimator relies on a conditional independence assumption to recover a semi-parametric estimation of the average treatment on the treated. The two methods give a positive effect of grade repetitions, between 10 and 25% of the test-score gain's standard deviation. A grade repetition improves the probability to graduate from junior high school by 2.5 probability points.
INTRODUCTION
Grade repetition is a practice that consists in requiring a student to be enrolled a second school-year in the same grade. According to Caille (2004) , 67% of the French students enrolled in junior high school 1 in September 1989 repeated at least a grade during their elementary and secondary education. Grade retention is decided when a child experiences significant difficulties making progress in reading, writing or math and fails to reach performance levels expected for promotion to the next grade. It also affects children who appear to be immature given their age.
The idea is simply to give a child another opportunity to catch up and develop needed skills for enrolment in the next grade with the required human capital level.
Grade repetition is also defended by teachers, who claim to be more efficient with less heterogenous peer groups, and by schools, who view it as a way to ensure greater accountability. In France, during the last decades, the proportion of grade repeaters has been decreasing. In elementary school, the proportion of held back students decreased from 52% to 19.5% between 1960 and 2000. In high school and junior high school, the same period witnessed a non-monotone trend characterized by an increase in retention until 1975 followed by a drop starting from the beginning of 1980s. More detailed statistics can be found in Caille (2004) .
In the United States, social promotion -automatically promoting a child to the next grade at the end of each school year -was favored in the 1970s. But with the call for raising educational standards in the 1980s, and its attendant minimal competence testing, the favor returned to retention. By 1990, however, two of the largest school districts in the country, Chicago and New York City, were advocating promoting students with their age-appropriate cohort. As we approach the year 2000, the pendulum clearly indicates grade retention as the favored policy to improve poor academic achievement. The debate in the US is partly motivated by the cost of retention 2 . It is important for policy makers to understand the fiscal implications of retention to make informed decisions about allocating scarce ressources 1 The French schooling system before college is organized as follow : 5 elementary-school years (CP, CE1, CE2, CM1, CM2), 4 junior-high-school years (Grades 6, 7, 8, 9 ) and 3 high-school years (grades 10, 11, 12) 2 Estimated around $170 million per year in North Carolina (www.fpg.unc.edu/ pir) 2 to education.
Obviously, grade repetition is not a random treatment ; it concerns the less performing students. The decision is taken during the staff meeting on the basis of test scores, teachers' judgment and sometimes after asking parents for their preferences. This decision is a complex process taking into account a set of variables and past events, observable and unobservable by the econometrician. Moreover, this decision obeys some local criteria within classes, schools and académies 3 . The same child could be promoted if compared to a weaker group of students, but held back if enrolled in a more demanding school. The grade repetition decision has a subjective character emphasized by those who are in favor of social promotion.
Nevertheless, in spite of this subjectivity, it is certain that by and large, the least performing students obtain the weakest scores and are consequently held back.
Grade retention and weak scores are both simultaneously signals and consequences of schooling problems. Poor performance can be due to family background and socio-demographic conditions or personal factors such as motivation and ability.
The estimation of grade-repetition effects on school performance should take their endogeneity into account. Repeaters are at the bottom of the test-scores distribution before and maybe also after repeating a grade. The fact that this position remains stable does not necessarily mean that grade repetition is inefficient. It is rather the comparison between repeaters' performances with and without grade retentionthe first being observed and the second being a counterfactual -that matters.
The economic literature on the evaluation of grade repetition is sparse. In
France, Siebel and Levasseur (1983) compared the performance levels of students on the basis of predicted repetition probabilities and conclude that there are no significant differences in academic achievement due to repetition. But Siebel and Levasseur (1983) is a descriptive analysis rather than an econometric study. It does not disentangle causal effects from correlations neither control adequately for socio-demographic variables. Caille (2004) uses panel data similar to ours and two measures of academic achievement: the number of completed school years and the highest high-school degree 4 . His central finding is that grade retention is more detrimental at early ages. In junior high school, for instance, the repetition of grade 6 or 7 slows down improvement, while the repetition of grade 8 or 9 helps meeting average performance levels. In a recent study, Cosnefroy and Rocher (2004) found that grade repetition is unfair and inefficient in reducing achievement differences between students. Their study, based on DEPP 5 data, examined the effect of retention in different cycles of compulsory education in France using different approaches. To evaluate grade repetitions in elementary school for instance, they compared the end-of-grade 3 scores of grade 1 repeaters and non-repeaters with similar cognitive ability when enrolled in grade 1, to conclude that there are no significant differences in performance levels between the two groups. For long run effects, Brodaty, Gary-Bobo, and Prieto (2008) used IV techniques, distance-tocollege and school-opening as instruments for school-leaving age and a sample of young French workers, to find that a year of delay to degree completion causes a decrease in wage estimated around 9%, in the first five years of career.
The international literature has also paid little attention to grade retention as a remedial program aimed at improving the performance of low-achieving students.
In a survey of 47 empirical studies with a variety of academic achievement measures, Holmes (1989) found that held-back students scored 0.19 to 0.31 standard deviations below comparable students who had not been held back. However, these studies do not address the problem of the bias introduced by selection into retention. In a recent paper, Jacob and Lefgren (2004) used a regression-discontinuity design to examine the causal effect of summer-school enrolment and grade retention on student achievement in the Chicago public schools. Their identification strategy relies on a policy implemented in Chicago in 1996-1997 to end with social promotion. Under this policy, students in third, sixth and eighth grades are required to perform at uniformed and predefined levels in mathematics and reading in order to be promoted to the next grade. Students ranked (just) below these standards in June are required to attend a six-week summer-school program, after which they retake the exams. Students who again fail are required to repeat the grade. This non-linear relationship between current achievement and the probability of being retained is used to identify the grade-retention treatment effect. Jacob and Lefgren find that retention appeared to increase the third graders' performance in the short run. The effect for older students is a mix between no impact in math and a negative effect in reading. The parameter estimated being the Local Average Treatment Effect, this study reflects only the retention effect for students who scored just below the cut-off. Little is known about lower achieving students. Jacob and Lefgren's findings cannot be translated into a more general result since they rely on a quasi-experiment in a very particular context. Less performing students are given a second chance over the summer-school remedial program before being held back. For developing countries, Gomes-Neto and Hanushek (1994) investigated the causes and effects of grade retention in rural northeast Brazil. They find a cross-section evidence that grade repetition does enhance student's learning.
This paper proposes an evaluation of grade repetition in French junior high schools with the help of Panel 95 data, which is a large-scale survey conducted among junior high schools by the DEPP. Retention is considered as a treatment imposed to a student in order to improve his(her) cognitive ability and allow him(her)
to be enrolled a year later on an equal footing with his/her classmates. Test-score differences in math and language between the beginning and the end of junior high-school are used as outcomes to evaluate the efficiency of grade repetition.
The value-added variable is precisely defined as the difference between test scores at the entry into grade 6 and at the end of grade 9, in the two subjects. This differential outcome has the merit of ruling out, or at least mitigating, the individual unobservable effect and, hence, justifies some of the assumptions needed for the empirical strategies. Two approaches are employed: a parametric regression with instrumental variables, where quarter-of-birth is used as an instrument and a semi-parametric matching approach based on a propensity scores. The valueadded outcome, purged from unobserved individual factors (ability and motivation), strengthens the validity of instruments used to identify the Local Average Treatment Effect (hereafter LATE) with the parametric regression and helps justifying the conditional independence assumption required to implement the match-5 ing method and identify the Average Treatment on the Treated (hereafter ATT).
The two policy parameters, with different interpretations, yield positive, and comparable estimates.
We find that repeating a grade improves achievement in language and math throughout junior high-school education respectively by about 8% to 15% of a standard deviation with the matching method. This effect is much higher with the IV maximum likelihood method. Because these IV values are obtained only on the students who reached grade 9 (i.e. those who were not steered towards vocation education branches), we argue that sample selection can be the source of an upward bias. Additionally, the mean reversion problem can arise from the use of birth quarter as instrument, leading also to an upward bias. When we model sample selection and control for baseline achievement (always with the value-added test scores as achievement outcome), we drive the LATE of grade repetition to 25% of the outcome standard deviation. We also estimate the effect of retention on the probability of graduating from junior high school, where all the sample is considered, to find that the treatment rises the probability of reaching the general-branch high school (i.e. regular grade 10), by about 2.5 probability points.
In the following, the first section presents the data, emphasizes some aspects of the French education system and formulates the grade-repetition endogeneity question. The second section presents the matching method and its assumptions.
Section 3 derives the maximum likelihood estimators. Section 4 presents and discusses the estimation results.
1 DATA AND BACKGROUND
DESCRIPTIVE STATISTICS
We use the DEPP Panel 95 data. The survey is a sample of 17830 students enrolled in junior high school -grade 6 -in September 1995. One fifth of all junior high schools are sampled; then, 1/40th of the students enrolled in grade 6 are sampled, and, to be more precise, the students born on a particular day of each month (except March, July and October) are chosen. The school headmasters had to fill 6 forms about each sampled student, providing a number of family background characteristics, and recording the grade or program attended by the student each year.
In addition, a questionnaire had been sent to the sampled students' parents. The family questionnaire has been used to fill missing observations in the headmaster's records. When the headmaster's records and the family's answers concerning family background information did not agree, the family answers have been used. For each student, we know a number of time-invariant characteristics: parental occupation and education, number of siblings, birth order, gender, and age at grade 6
entry. In addition, we observe very rich answers to a number of questions asked to parents concerning their implication in their children's education and their preferences on some schooling issues. For a sub-sample of the students only, we observe the results of national standardized tests in math and language, taken during the first week of enrolment in grade 6, and at the end of grade 9, just before sitting for the brevet examination 6 . The grade 9 scores were collected at three different waves depending on the delay of student to reaching grade 9. The grade 9 scores of non-repeaters were recorded in June 1999. The grade 9 scores of the students who repeated once (twice) were recorded in June 2000 (2001 respectively).
PRELIMINARY ANALYSIS
Estimation sample. We begin by dropping 450 observations corresponding to students enrolled in special or remedial 6 th grades, and 100 observations with anomalies or obvious coding errors in their records, e.g. those who are observed in grade 6 during the first year of the survey and in grade 8 during the second year. The next dropping step, which is the most important, concerns the observations with missing test scores. Missing grade 6 test scores concerns students who did not participate in the non-compulsory national evaluation test taken at the beginning of junior high school, or students for whom teachers didn't fill the corresponding forms. Missing grade 9 scores are students who left the system or were placed in special education classes. These students cannot be categorized as promoted or retained. Four years after the entry date we see that, among the observations without missing test scores 6 The brevet examination is the end of junior high school national exam 7 and not affected by attrition, 9455 students are enrolled in grade 9, 2339 in grade 8 and 250 in grade 7. The first group includes students who reached grade 9 on time, i.e. without repeating a grade. The second group are repeaters, i.e those who were retained once, maybe in grade 6, 7 or 8. The last group are twice-repeaters,
i.e. those who repeated two grades. Given the low frequency of the last category, we drop these observations and focus on the effect of one grade repetition before reaching grade 9 in junior high school. Table 1 gives descriptive statistics of the principal features in whole sample, estimation sample and the sample of repeaters.
We clearly see in this table that repeaters come from lower-background families in terms of parental education and occupation and have scores below the mean in both grade 6 and grade 9 tests. More importantly, we note that our estimation sample is not randomly selected. It contains better students than the original sample average in terms of socio-economic background and scholastic achievement. Grade 6 and Grade 9 test scores are standardized to have a mean of 50 and a standard deviation of 10. The deviations from these values observed in Table 1 are due to the sample exclusion resulting from attrition and missing values mentioned above.
Grade Repetition. There is a strong correlation between grade repetition and test scores through observable and unobservable characteristics of children. Achievement scores are the main determinants of the grade retention decision. More precisely, those having weak cognitive abilities or coming from disadvantaged families perform poorly more often and are consequently more likely to repeat a grade. Figure 1 illustrates this fact by plotting in the same diagram grade 6 test scores, grade 9 test scores and the retention rate, by father occupation. The figure shows two consistent facts: A negative correlation between test scores and repetition rates and a negative (resp. positive) correlation between father occupation and repetition rates (resp. test scores). Figure 2 plots repetition rates by month of birth. As already mentioned, the sample does not contain students born in March, July and
October. The figure shows that the retention rate is 23.5% and 22% for the students born in December and November but does not exceed 18% for the students born in the 4 first months of the year. This increasing trend in repetition rates with respect to month of birth is caused by the cut-off entry dates. According to the rules, the 8 age of entry into primary school is 6. Those who are 1 to 4 months less than 6 years old in September can also be admitted. Those who will be 6 years old during the first months of the next year should wait for next September to enter. This fact is a source of age heterogeneity within the same cohort of students. We can observe up to 11 months of age differential between two children entering elementary school at the same date. Figures 3a and 3b 
Let X 1 (respectively X 0 ) be a set of time-invariant variables, essentially socio-demographic for repeaters (non-repeaters); X G9 1 and X G6 1 (respectively X G9 0 and X G6 0 ) are schooling environment controls that can vary during the junior high school years; u G9 1 and u G6 1 (respectively u G9 0 and u G6 0 ) are error terms. The education production function reduced forms can then be written as,
Substract equation (2) from equation (1),
Residual terms contain measurement errors and individual unobservable effect persisting throughout the schooling cycles. They can be decomposed as follow,
Hence we can write the test score gain over the junior high school years as,
Rubin ( 
ASSUMPTIONS
H1 -Conditional Independance Assumption CIA: Conditional on the set of observable variables X, the non-treated outcomes are independent from the participation status,
In principle, observable individual characteristics influence simultaneously the outcome and the participation status. An (unconditional) independence assumption of these two variables would be too strong. The conditional independence is a way to reproduce quasi-experimental conditions without supposing a random assignment into treatment. The CIA says that, given X, the outcomes of non-treated are the same of those of treated if they have not been treated. To check the validity of this hypothesis in our context, take two children, enrolled in the same school and in the same class, the first repeated a grade and the second didn't. They have same age and family conditions and schooling history. The difference between their scores can then be uniquely attributed to grade repetition. In this ceteris paribus analysis, the only missing performance factor is the unobserved individual ability, which vary across children and is constant for the same child across schooling cycles.
Fortunately it is eliminated by the differentiation and disappears from the valueadded model of test scores in equation (5). The CIA ensures random assignment to treatment like in experimental studies, but conditional on X. The random assignment is here maintained by conditioning on observable variables rather than by a purely natural experiment.
In practice, to ensure the random assignment to treatment, the conditioning on X amounts to controlling for a rich set of variables resuming all school performance factors other than retention. Socioeconomic background, living conditions, parent's education and occupation, school quality and peers effect measures should be controlled for. The procedure consists in matching each repeater with a non-repeater having the same X. If we note I 1 the treated group and I 0 the control group, it implies matching every element in I 1 with one or more elements in I 0 having the same X. Here the dimensionality of the problem as measured by X may seriously limit the use of matching, especially with continuous variables in X. Rosenbaum and Rubin (1983) proposed a more feasible alternative by conditioning on a function of X. The assumption H1 remains valid if we control for P(X)
instead of X; where P(X) is propensity score, given by P(
CIA can then be written Y 0 ⊥R/P(X). The propensity score is a one-dimensional summary of X, indexing the probability of being treated. It can be estimated by a Probit regression.
H2 -Existence of a Common Support: All treated agents have a counterpart on the non treated population and anyone constitutes a possible participant,
This assumption guarantees that the required counterfactual actually exists. We should check the overlap and the region of common support between treatment and comparison group. The common support is the subspace of X observed among the two populations. The parameters ATT and ATE are defined within it. To identify ATT, the assumption implies that every combination of X in the treatment group can also be observed at least for an individual from the control group. In terms of propensity score, it amounts to checking the common support for the propensity score densities on both treated and untreated population.
Several ways are suggested in the literature to check the region of common support, where the most straightforward one is a visual analysis of the density dis-tribution of the PSM in both groups. Lechner (2000) argues that, given that the support problem can be spotted by inspecting the propensity score distribution, there is no need to implement a complicated formal estimator. Estimation of these densities in our case is illustrated in figure 4 . Another method to ensure the existence of a common support is the trimming procedure presented by Smith and Todd (2005) . They define the region of common support as those values of P that have positive density within both the R = 1 and R = 0 populations densities. Any P points for which the estimated density is exactly zero are excluded. Additionally, to ensure that the densities are strictly positive, we can impose that they exceed zero by a certain amount.
MATCHING ALGORITHMS
Nearest Neighbor Matching Estimator. The most straightforward matching estimator is the nearest neighbor (NN) matching. The individual from comparison group is chosen as a matching partner for a treated individual that is closest in terms of propensity score. The ATT parameter is then the average difference between the outcome of a repeater and the nearest non-repeater in terms of retention probability. We adopt a matching algorithm with replacement which has the merit of decreasing the bias. However NN matching faces the risk of bad quality if the closest neighbor is relatively far. We avoid this by imposing a maximum tolerance level on the propensity score distance (caliper). Applying this option, means that an individual from the comparison group is chosen as a matching partner for a treated individual that lies within the caliper ('propensity range') and is closest in terms of propensity score. Formally, the NN matching estimator with replacement within caliper is,
For a pre-specified caliper δ > 0, j is chosen such that,
If none of the non-treated units is within δ from treated unit i, i is left unmatched.
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Difference-in-Difference Kernel Matching Estimator. Heckman, Ichimura, and Todd (1998) suggested the difference-in-difference kernel matching estimator, proving its consistency, convergence and asymptotic normality. We take advantage of the panel structure of our data, which give test scores at the end of elementary education and the end of junior high school to implement the following estimator,
where K(.) is the kernel function, h is the estimation bandwidth. As it can be easily seen, the counterfactual of the treated individual i is computed using a weighted average of the outcome of all non-treated units. Weight given to non-treated j is in proportion to the closeness of the propensity scores of i and j.
Mahalanobis Metric Estimator Including Propensity Score. One can combine the propensity score with other covariates to find a more similar partner for a given treated individual i. Consider a set of variables X M including the Propensity Score and define the metric between two individuals as the Mahalanobis distance,
where X M i and X M j are values of matching variables for participant i and non participant j, and C is the sample covariance matrix of the matching variables from the full set of non-participants. Mahalanobis metric kernel matching estimator is obtained by replacing [P(x j ) − P(x i )] in equation 10 with d(i, j). A variety of specifications of the set of variables included in X M is estimated to check robustness.
Results are reported in the last section of the paper.
INSTRUMENTAL VARIABLES ESTIMATOR
In this section we derive the Instrumental Variables estimator of grade repetitions treatment effect. The non-random assignment into treatment requires instruments satisfying the exclusion condition. In our context, a good instrument is a variable that determines the retention decision but at the same time is excluded from the outcome equation. In linear case where treatment is homogeneous across population, regardless the participation status, the IV identifies the effect of treatment with the good properties of convergence and consistency. But in heterogeneous models, where treatment effects depends on observable and unobservable characteristics, the IV estimator identifies the average treatment effect, ATE, under some strong and hardly achievable assumptions. Fortunately, work by Imbens and Angrist (1994) and Heckman and Vytlacil (1999) , made this instrument less requiring in terms of assumptions, interpreting it as the Local Average Treatment Effect, LATE.
The IV method requires the existence of, at least, one regressor Z exclusive to the decision rule, satisfying the two following conditions, A1-Conditional on X, Z is not correlated with the unobservable factors. This assumption means that Z has no impact on the outcome equation through the unobservable component. The only way Z is allowed to affect the outcome is through the participation status R.
A2-Conditional on X, the decision rule is a non-trivial monotonic function of Z. This is the Imbens and Angrist (1994) strengthened version that identifies the treatment effect through a local change of the instrument. The original version is the well known condition, E(R/X, Z) = P(R = 1/X, Z) = P(R = 1/X). The contribution of Imbens and Angrist (1994) added monotonicity of the decision rule in Z. An increase in Z, for example, leads some individuals to take up treatment, but non one individual to give up treatment. LATE is the average treatment effect for individuals whose treatment status is influenced by changing an exogenous regressor that satisfies an exclusion restriction; i.e. the mean gain to a person who would be induced to switch from R = 0 to R = 1 if Z were manipulated externally from z to z . The estimated parameter is, for any (z, z ) such that P(z) > P(z ),
where Y is the outcome variable, X is a vector of exogenous controls and z is the marginal value of the instrument. LATE is the effect of the treatment on those individuals who were intended to participate on account of variation in the instrument.
The estimated parameter is the effect of a retention decision taken as a consequence of moving from a realization of the instrument to another.
In parametric terms, let Y i denote the score gain of student i during junior high school years, R i is the treatment dummy, X i and W i are exogenous control variables for the outcome and auxiliary equations respectively and Z i be an instrument to grade repetition decision. Let ε i and ν i denote normal residuals with means 0, variances σ 2 and 1 respectively and correlation coefficient ρ. A linear separable production function for achievement gain can then be written as follow,
R i and R * i are related through the classical qualitative models structure. The whole model can then be estimated with help of maximum likelihood techniques.
But let us before discuss the validity of the instrument, quarter of birth, on the basis of the assumption A1 and A2. The pioneer work using this approach is Angrist and Krueger (1991) . To check the validity of the assumption A2, consider two students with similar characteristics and with the same level of performance, both of them are enrolled in the same grade. From all observable variables, the only difference between them concerns the quarter of birth. Suppose that in the the end of a schooling year they perform sufficiently below the promotion threshold to be subject to a retention threat. French schools, as well as many eduction systems that practice retention, are more likely to promote the older and retain the younger as a consequence of compulsory schooling age. Promoting the older allows him to get over more schooling years before leaving the education system. So, every thing being equal, the later (in a given year) a child is born, the younger he will be among students of his cohort and then the more likely he will be held back. Decision rule, R is an increasing function of the month of birth. As for assumption A1, there is no doubt that quarter of birth is purely random. But one may claim that those who are born early within a given year enter school older than those who are born later in the same year. Bedard and Dhuey (2006) argue that the gap in entry age induces a difference in maturity and cognitive ability among children from the same cohort, and that this difference does not dissipate with age but propagates into school performance as a consequence of human capital accumulation theories. Even if we believe on the results of Bedard and Dhuey (2006) , this would not question the validity of quarter of birth as an instrument here because we use an a value-added outcome, which is the gain in terms of test score during junior high school eduction. If the effect of this maturity differential subsists until later age, it would be manifested through both grade 6 and grade 9 test scores. By differentiation we have lot of chance to eliminate it. The likelihood of the model given by equations 13 and 14 is computed in the appendix A. Estimation results include linear IV models estimated with 2SLS (Table 3) and an additional investigation of the grade repetition effect on the probability of graduating from junior high school (Table 9 ).
ESTIMATION RESULTS

LINEAR IV (2SLS) ESTIMATES
We begin by examining the first stage results presented in the Table 2 . Three specifications are estimated, each of them regresses the retention dummy on quarters of birth. First stage (2) adds control variables and first stage (3) adds also control for average test-score at grade 6. The latter is considered as a sufficient statistic for baseline achievement at junior high school entry. Estimated coefficients confirm our initial conjecture saying that students born during the first half of the year are less likely to repeat a grade, every thing being equal. Results of a "naïve" OLS model, regressing Grade 9 test scores of the retention dummy with control variables, are given in the columns 1 and 2, row 1 of table 3. Control variables are socio-demographic and family background, institutional aspects of schooling (ZEP classification dummies, class-size, school size and private sector dummies) and grade repetition in elementary school. These control variables are included in all models estimated in this paper. OLS grade repetition effects on Grade 9 test scores are negative and precisely estimated around 70% of the dependant variable standard deviation. In the third and fourth columns of the first row, 2SLS estimates are given, using the first stage (2). Here, the negative effect of grade repetition vanishes as it is no more significantly different from zero. The second row of Table 3 reproduces the same models of first row, with a slight change consisting in including Grade 6 test sores as controls in the outcome and first stage equation.
OLS coefficients are still negative but smaller in absolute value, and 2SLS coefficients become positive, particulary for math equation. In the last row, estimation is run on the value-added outcome as a dependant variable. Both OLS and 2SLS estimates are positive and significantly different from zero, estimated around 12% and 160% of the achievement-gain standard deviation, respectively. The valueadded model is strictly equivalent to the model of row 2, with the Grade 6 test score coefficient constrained to 1. The use of value-added outcome alone moved the parameter above zero, and the instrumentation made it even higher. The high estimates of 2SLS on value-added scores (1.6 times the standard deviation) lead us to question the potential sources of bias. Mean reversion can be an explanation. As we have seen in figures 3a and 3b, students born during the second quarter of the year enter elementary school at younger age, leading to an age differential between students of the same cohort. This differential, ranging between 1 and 11 months, causes a gap in maturity and ability. In CP and CE2, young students score lower as a consequence of this gap. This under-performance persists and takes years to dissipate. Figures 3a and 3b show that it is still persisting in grade 6 test scores.
The mean reversion phenomenon in this context is the progressive dissipation, over the schooling years, of the under-performance due to entry-age differential. It is observed as a mechanic relative amelioration over schooling years. The main critic that can potentially be addressed to the instrument quarter of birth says that grade 9 test scores follow a non-decreasing trend according to month of birth because of the mean reversion and not as a consequence of grade repetition. In other terms the progression of students born during the fourth quarter of the year is relatively better because they are recovering from the entry-age gap, and not because they were retained more often than others. In this case IV grade repetition coefficient would be overestimated. If this critic holds here, one would expect grade 6 and grade 9 test-score lines to have the same trends if plotted on the two separate samples of repeaters and non-repeaters. Figure 5a and 5b reproduce figures 3a (language) for these two samples separately. We see an increasing value-added outcome for repeaters and a flat one for non-repeaters. Among children born at the fourth quarter of the year, repeaters perform relatively better than non-repeaters.
If the positive estimated coefficient were attributed uniquely to the mean reversion phenomenon, one would expect that grade 6, grade 9 and value-added test scores to have the same trends when plotted on the two separate samples of repeaters and non-repeaters, which is not the case. Even if we admit the existence of such a bias arising from the mean reversion mechanism, a possible solution will be discussed in the maximum likelihood results subsection.
MATCHING ESTIMATES
Various matching methods are implemented. All of them use the value-added achievement as outcome and the probability of retention as propensity score. The probability of retention is predicted using the Probit regression of Table 5 , where we include quarters of birth, Grade 6 average test score and the same control variables used in the linear regressions. Results of Table 5 show that being born during the first half of the year diminishes the probability of retention by 2.4 points, which is 12.5% of the observed probability of retention (20% here). Table 4 gives the semi-parametric estimates of the Average Treatment on the Treated with tstatistics, performed with matching algorithms based on equations 8, 10 and 11.
Nearest Neighbor matching is a one-to-one matching procedure that consists in matching each treated student with the closest non-treated student on the basis his propensity score. It is here performed with a caliper 0.05. ATT is positive and sizes 18% and 12% of the outcome standard-deviation in language and math achievement gain respectively. All estimates are significant at 1% level. Kernel matching compares the outcome of a treated student with a weighted average of all outcomes that lies within a bandwidth. It is here done with the Epanechnikov kernel function and a bandwidth 0.06. Estimates are still positive, significant and slightly lower than coefficients of the Nearest Neighbor matching. Mahalanobis coefficients, reported in the last row, are obtained with a matching procedure based on a metric distance measured on a vector of variables, and weighted by the inverted covariance matrix of these variables, computed on the non-treated sample. Mahalanobis estimates are even lower and range between 15% and 7% of the first-differentiated outcome standard-deviation and are still significant at level 1% in math and 5% in language. Note that all estimates reported in Table 5 
MAXIMUM LIKELIHOOD ESTIMATES
We turn now to estimated coefficients obtained by the maximum likelihood estimator derived in section 3. The top of Table 6 reports coefficients β and α of equation 13, and its bottom reports coefficients γ and δ of equation 14. We consider that Probit regression , as a first stage, is more reliable than the linear probability model of 2SLS estimator because it ensures predicted probabilities to be between 0 and 1, although it is built on the normality assumption of residuals. According to grade repetition coefficient, very precisely estimated, the treatment seems to move a child from the position of one standard deviation below the mean to a position very close to the mean in terms of achievement gain. The coefficients β are also reported.
Parents' education and occupation are included in the specification, but their coefficients are omitted from the table to avoid overcrowding it. As for equation 14, apart from the coefficients of the instrument, still coherent with our identification assumption, we report the effect of control variables on grade repetition probability. Discussion of these results here is more informative than the probit results because coefficients are estimated jointly with the achievement gain equation, taking into account the correlation of unobserved heterogeneity. Results show that children of educated and high productivity occupation parents are less likely to repeat a grade 7 and large and private-sector junior high schools practice retention more frequently. Class-size effect have mitigated signs, because of the well known Among these factors, in principle, we find the achievement gap due to age of entry differences within the same cohort. At least, if we consider human capital accumulation as an additive process, such control would kill the major part of the mean reversion bias. Table 7 reproduces maximum likelihood estimation of Table 6 Remains however a potential source of bias in the estimates presented above.
The outcome being based on test scores at grade 9, we restricted the estimation sample to students who reached regular grade 9 in junior high school. Descriptive statistics in Table 1 show however that this sample is not random. Grade 9 test scores are observed for students with more favorable conditions in terms of family background and initial achievement. Sample selection restriction is a consequence of steering of less performing students towards vocational training branches and apprenticeship. School staff takes such a decision at the end of each year when they are convinced that the student's learning problems are a real handicaps to continue a long general education track. Steering is a signal for a very low cognitive achievement and a lack of motivation to academic learning. Grade repetition is also a signal for performance under the average level required to promotion. But grade repetition is considered as a remedial measure aimed to compensate it and hence could help to avoid steering. This assumption will be tested in the subsection below. What matters here in that we can suppose that promotion, grade repetition and steering can be considered as indexes of an ordered decision based on a latent performance. Grade repetition dummy is then derived from the following ordered index choice model, for each student from the whole sample,
for a the student who reached grade 9 without repeating a grade,
for a student who reached grade 9 with a grade repetition, and R i = 0 if R * i ≤ C 1 for student who did not reach grade 9 because of steering. For each student reaching grade 9 (i.e. R i > 0), we write outcome equation as,
1 (R i =1) indicated grade repetition, C 1 and C 2 are cuts of ordered probit.
The likelihood of this model is detailed in appendix B, and estimation results are given in Table 8 . Average test score at grade 6 is still controlled for in the two equations. Grade repetition parameter still have a positive sign, precisely estimated and even lower than the two previous models. In math subject for instance it is estimated around 25% of the outcome standard deviation, which is an effect comparable with matching results. The coefficient of correlation of the residuals is even lower in absolute value. It has now the inverse sign but this is consistent with the structural assumption underlying the latent index model.
THE EFFECT OF RETENTION ON THE PROBABILITY OF GRAD-UATING FROM JUNIOR HIGH SCHOOL
After 4 successful grades in junior high school, students who have not been steered towards vocational training and short professional branches, attend high school.
High school is a 3-year cycle preparing for the end of high school 9 exam, a compulsory step to attend college. Three main advantages can be advanced for this estimation. First, it an additional way to solve the selection sample problem, as it is performed on all students enrolled initially in junior high school. Graduated students are those enrolled in grade 10 during the fifth year of the panel (60% of the whole sample) or during the sixth year (19% of the whole sample). The first group contains non-repeaters, the second contains repeaters and remaining group (21%) contains steered students. Second, it reports test scores into a common scale.
Test scores are arbitrarily scaled and depend on local criteria specific to académies, schools and teachers. The graduation from junior high school is more general measure, free from the bias of subjective scoring practice. Lastly, if a positive effect of grade repetition on graduation from junior high school is found, one could conclude that teachers make well informed decisions about retention, by holding back a student when they are convinced that it would help him to remain in the general eduction system in order to attend high school.
Formally, if we denote by G a dummy indicating the event "the student attends grade 10 in high school", and R a dummy indicating the grade repetition occurrence in junior high school, the model estimated here consists in the following joint equations,
where G is related to G * trough the relation G i = 1 (G * i ≥0) and R is related to R * through the relation R i = 1 (R * i ≥0) , where 1 event is a function taking the value 1 if the indexed event is true and 0 otherwise. Such a model can be estimated through a biprobit framework. Table 9 gives coefficients β and α of equation 17 estimated by probit (column 1) and estimated jointly with equation 18 by biprobit (column 2).
We include in X the same control variables as in the previous models, and we add here grade 6 average test-score. The vector Z includes the usual instrument, quarter of birth, and W includes and grade 6 average test-score and control variables. The 9 The French baccalauréat 23 first column (probit) of Table 9 shows a negative effect of grade repetition on the probability of graduating from junior high school and the second column (biprobit) shows a positive effect. Grade 6 test score is a strong determinant of R and G, with respectively negative and positive signs. It is a signal summarizing the human capital level of a child, at junior high school entry, and purging the residuals from some part of individual unobservable characteristics. The residuals correlation coefficient is around -0.68, predicting that unobservable determinants of grade repetition are negatively correlated with those of the probability of reaching grade 10 in high school. Marginal effects are reported in the last column. Repeating a grade improves the chances of reaching grade 10 by 2.5 probability points, which puts a blue-collar father's child on an equal footing with a lawyer's child, when all other characteristics are computed at the sample mean-values.
CONCLUSION
This paper tried to estimate the grade-repetition effect on test-score achievement on a sample of French students graduated from junior high school. The outcome is measured by a value-added variable obtained as a difference between grade 6 and grade 9 test scores. Several methods are implemented: first-difference OLS, 2SLS, matching and maximum likelihood estimators. The instrument, quarter of birth, seems to have the effect of rising the treatment effect coefficient above zero.
The size of the coefficient is at least 10% of the outcome standard deviation. We argue that the mean reversion problem can not explain all the high coefficients obtained with the 2SLS method. As the unobserved determinants of test scores and grade repetition probability are supposed to be negatively correlated, the endogeneity of retention biases its effect downward. So, Matching and OLS on value-added outcome can provide a lower bound of grade repetition treatment effect on learning in junior high school. When initial achievement is used to control for the mean reversion bias, and sample selection is taken into account, maximum likelihood method yields a positive effect of grade repetition estimated around 25% of the achievement-gain standard deviation in math. Additionally grade repetition increases the probability of attending the general branch of junior high school, controlling for scholastic achievement at Grade 6 entry. This estimation does not suffer 24 from sample selection and predicts that teachers make well informed decisions and retain a student to help him remaining in the regular branch education. We hope all these estimates constitute a convincing evidence favoring the theory of "learning through repetition". 
APPENDIX A. LIKELIHOOD COMPUTATION I
Define the value added test score equation as follow,
Define also the latent retention variable as,
where the vector Z includes an instruments with other controls (Z and w in the text). The residuals ε and ν are joint normal with covariance matrix
Under normality the error ε i can be decomposed as follows,
We can now write the likelihood of an individual who repeated a grade
where Φ is the cumulative distribution function of the standard N (0, 1) and φ is the corresponding density function. The same reasoning yields for non-repeaters,
APPENDIX B. LIKELIHOOD COMPUTATION II
Define the latent variable R * as,
R * i ≥ C 2 if the individual reached grade 9 without repeating a grade, C 1 ≤ R * i < C 2 if the individual reached grade 9 and repeated a grade, and R * i ≤ C 1 if the individual was steered before attending grade 9. We suppose also that the outcome equation and the joint density of the residuals are the same as in appendix A. We can then write the likelihood contribution of an individual who reached grade 9 with a grade repetition as,
the likelihood contribution of a non-repeaters who reached grade 9 as,
and finally the likelihood contribution of a steered student as, Absolute value of z statistics in parentheses * significant at 5%; ** significant at 1%
Detailed results are available from the author.
All estimated specifications (OLS, first stage and 2SLS) include controls for gender, year of birth, number of siblings, birth order, parents' occupation and education, class-size over 4 years, grade repetition in elementary school, private sector elementary and junior high schools. We include also ZEP school classification and school size during the first year as well as dummies for switching school during junior high school education. 
GRADE REPETITION
DEPENDENT VARIABLE OLS 2SLS
Test score at grade 9 (with First Stage (2) for 2SLS ) Absolute value of z statistics in parentheses * significant at 5%; ** significant at 1%
MATCHING METHOD
Metric distance in Mahalanobis Matching is computed on a vector of variable containing the propensity score, parents' occupation and education and Gender.
Kernel and Nearest Neighbor Matching are performed with epanechnikov kernel function. Bandwidth is 0.06 in Kernel Matching. Probit model of table 5 is used to compute the propensity score. 
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